This paper is concerned with implicit prices of housing characteristics based on asking price. The paper employs a large database from the Spanish housing market with models generated to explain how the pricing of attributes varies by region and how 
Introduction
House prices are characterized by heterogeneity arising from observational issues.
Much of the research in the field, both from the perspective of theory and empirical analysis, has been centred on the application of hedonic techniques which consider that price is obtained from a combination of attributes reflecting household preferences. In this respect, price captures how each household evaluates attributes with respect to income, education and household circumstances. According to Rosen (1974) a 'jointenvelope function' captures the structure of consumers' preferences and producer technologies. In essence the hedonic embraces a combination of attributes which are common to demand and supply with estimation possible from both demand or supply price observations dependent on model specification. Muellbauer (1974) for example adopted a demand-side approach in the application of hedonic theory to a constant utility price index. . This paper utilises the hedonic method to define implicit prices of characteristics using asking prices, the supply side of the market, and not transactions. Asking prices encapsulate a set of housing characteristics that refer to both supplier features and buyers' features with the residuals considered to capture information about sellers' preferences. The use of asking or list price is not unusual in the housing literature, for example time on the market is often based on list price (Knight et al, 1998 , Arnold, 1999 , Anglin et al, 2003 . Indeed, analyses based on list price avoid the transaction biases associated with indices based on sale prices (Pryce and Mason, 2006) . This paper utilising a major valuation database from the Spanish housing market assesses how implicit prices vary over time and space and seeks to identify which of these is the more important. The former captures the dynamics of change whereas the latter embraces different market and economic structures, household variation and sentiment. In this respect, the paper extends the existing literature base by examining whether and how parameters change. In essence the paper tests the null hypothesis that time and space effects do not modify the value of hedonic parameters and that they are constant over time and space. The particular research question tested is whether parameter weights are stable or change over time according to position in the cycle;
Rosen's hypothesis was that any change is related to change in quality. The paper is organized as follow. The second section reviews the literature on hedonic house price modelling, section three provides details of the database and variables used in the analysis. In section four the analytical models are outlined. Section five presents the results of clustering by province and by time draws. In Section six clustering effects by both space and time are discussed. In Section seven shocks in estimated parameters are considered and section eight draws conclusions to the paper. .
Literature review
The literature on hedonic models is well established and used, in the main, to estimate quality adjusted house price indices (Rosen, 1974 , Linneman, 1980 , Haurin et al, 1991 , Peek and Wilcox, 1991 , Geltner, 1993 , Adair et al, 1996 , Clapp, 2003 or to test the impact of different characteristics on the level of prices and their evolution (Goodman and Thibodeau, 1995 , Clapp and Giaccotto, 2002 , Bourassa et al, 2005 . However, some authors argue that hedonic models are characterised by econometric problems and thus provide limited accuracy in the estimation of house prices (Goodman and Thibodeau, 1995, 2003) . This has raised questions concerning the ability of hedonic methods to capture the full behaviour of house prices with authors such as Case and Wachter (2005) arguing that hedonic models focus on internalising the dynamic evolution of the market.
The majority of hedonic-based papers are based on the seminal work of Rosen (1974) adopting the view that the coefficients reflect the market's valuation of housing attributes, derived from the interaction of supply with demand. Most papers use demand variables (income, taste) (Rosen, 1974, pp 44 Y2 denotes the empirical counterparts of β 2 , characteristics of the sellers and factor price and specific technological differences among them (if developers).
Fi(z,Y1) represents the marginal demand price for zi Gi(z,Y2) represents the marginal supply price.
Y1 and Y2 are exogenous demand and supply shift variables
The implicit marginal prices are δp(z)/δz = ^pi(z) for each buyer and seller.
Y 1 and Y 2 represent the suppliers and buyers features and are the bases of the differentiation of the product suggesting that the impact of implicit characteristics on housing prices depends on the demand and supply characteristics, separately. However, Rosen (pp54) clearly argues that the estimated hedonic price-characteristics functions typically identify neither demand nor supply but are described by a joint-envelope function. Harding et al (2003) demonstrate that prices are related to the household's bargaining power. The bargaining power and the negotiation process may also affect the implicit prices of housing characteristics (Harding et al, 2003) . In expanding these relationships Capozza et al (2005) highlight how the economic environment influences the negotiation process and ultimately the selling price, thus any variation in economic circumstances across the cycle will in turn impact on price and bargaining positions. Chen and Rosenthal (1996) place emphasis on the importance of the asking price in influencing bargaining power and is the initial signal in the negotiation between buyer, seller and agent. Yavas and Yang (1995) , suggest that a higher asking price leads to 2 β reflects underlying variables like factor prices and production function parameters longer time on the market and Arnold (1999) considers that asking price influences the rate at which offers arrive as well as acting as an initial offer in the bargaining game.
The approach adopted in this paper explores attributes from the perspective of asking prices. Essentially, the hedonic model expresses housing prices as the combination of attributes (Z)
where Zt = {x 1 , x 2 , x 3 … x n } is the matrix of n housing attributes evaluated from the owners' perspective, α and Ψ are vectors of parameters and µ is the error term.
Data
The analysis underpinning this paper is based on an extensive valuation database from the Spanish housing market over the period [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] 3 . Table 1 shows the distribution of the data over the time series from 1995 to 2008. The database includes evidence from the whole of Spain but there is a strong regional presence in the provinces of Alicante, Valencia and Murcia and significant activity in the two major provinces of Spain, Madrid and Barcelona. Due to the size of the database and the expanding geographical remit of the valuation company from which the data were sourced during the observed period, the total available database was reduced in order to provide homogeneity and avoid outliers. More specifically, for the purpose of the analysis, only data from seven provinces were included: Alicante, Valencia, Murcia, Madrid, Barcelona, Castellón and Balearic Islands, each of these provinces having a large representation across each year of the data set. The net effect was to reduce the number of properties considered for the analysis to 2,183,089 observations.
Insert Table 1 The variables in the database were sub-divided into three groups. The first sub-set consists of housing and building characteristics, the second neighbourhood and environmental features and the third is the asking price of each property plus other valuation information. The analysis utilises 35 variables; 12 relating to the property, 21
neighbourhood variables, the year and the asking price (Table 2 ).
Insert Table 2 In Spain, the asking price of properties is used in the valuation process as comparable evidence. It is important to stress that these comparables (or testigos) were at the time 
Model theory and development
The analysis seeks to identify the role of attributes in explaining the asking prices for properties over the period 1995-2008 and assesses how exogenous changes affect residential pricing prior to noise introduced at the start of the bargaining process between the buyer, the seller and the agent. Complexity arises from the size of the database, the extent of geographical coverage (seven provinces) and the time series (14 years). The analysis isolates the space effect to allow for the different provinces and time effects to capture annual variation. The hedonic coefficients are compared to assess the impact of bias in the estimation. to a metro station, economic activity, income and building type. These variables are consistent with the wider literature on hedonic modelling (Theriault et al, 2003) .
Defining the statistical problem
Similarly, those variables that have a strong negative impact are reflective of the literature, and in this study include age of building, quality of the road network in the neighbourhood, and construction quality of the building. Overall, the specification of the model, as checked by correlations among variables and residuals, is appropriate (Corr(X t ,ε t )=0). However, the high errors suggest the possibility of non independence and the existence of cross correlation. The distribution of the residuals confirms autocorrelation. It is also probable that the overall model incorporates a firm (space) effect (Figure 2 ), a form of dependence among the residuals in panel data set estimations, the presence of which generates estimation bias (Petersen, 2007 , Skoulakis, 2006 , Primo et al, 2007 ).
Insert Figure 2 There are two general forms of dependence. The residuals of a given firm/cluster/group may be correlated across years (time series dependence); this is the time effect (Wooldridge, 2003) . The second form is when the residuals of a given year may be correlated across different firms/clusters/groups (cross-sectional dependence); this is termed the firm or space effect.
In a linear model, both could be expressed as in Equation 4
:
X= set of independent variables v = error term With the observations belonging to different groups (i) across years (t), the model is robust when X and v are assumed to be independent with zero mean and finite variance: that is Corr(X it ,ν it )=0 and Cov(X it ,ν it )=0.
In fitting the traditional model the existence of correlation within the residuals and variations of parameters among the firms/groups means that Cov(
This condition gives residuals which are not independent and produces biased estimated parameters. Under such circumstances, the residual contains a firm specific component (γ i ) and the idiosyncratic error component (ε it ) (Petersen, 2007) expressed as:
X may also contain a firm specific component (µ i ) and a time varying component (η it ), such that
with γ, ε, µ and η independent of each other, with zero mean and finite variance.
It is also possible to find the presence of time effects in a panel. The bias produced by time effects, cross-correlation bias, assumes that errors are not independent due to the existence of autocorrelation among residuals, that is Cov(X it v it ,X kt v kt ) ≠ 0. Considering only time effects, the residuals from the general model contain a time specific component (δ t ) and the idiosyncratic error component (ε it ):
X also contains a time specific component (ζ t ) and a time varying component (η it ):
Petersen (2007) considers that when only a firm effect exists standard errors are unbiased, however there is a need to estimate the effect of clustering by time when the source of the bias is the time correlation 5 . The requirement is for residuals to be uncorrelated across clusters. Errors and variables related with firm and time effects are as expressed by Equations 9 and 10.
Parametric methods of decomposition may be used when dependence is correctly specified allowing the effects of firm or time dependence to be removed and errors to be unbiased. This occurs when the firm or time effect are constant, although this type of dependence is not usually clearly identified 6 . Non-parametric methods are adopted when the dependence form is not precisely known, in this case the solution recommended by the econometric literature is to cluster by the two dimensions (firm and time) combining the standard errors and isolating much of the bias.
The evidence of clustering effects
This section of the paper utilizing the theory and the initial overall analysis specifically tests for the clustering effect by generating models for each of the seven provinces and time effects by generating models for each of the fourteen years. In total 98 models were estimated (7x14) with the specification shown in Equation 4 obtaining the different parameters showed in Equations 5 to 8. 5 Using time dummies is a common approach to remove the correlation between observations due to time, when the time effect is fixed. Only the firm effect is left in the data. When time effect is not fixed, dummies cannot remove the dependence and standard errors obtained are biased. 6 A parametric method to isolate the biases have been estimated here finding that the firm and time effects are not constant. Results could be sent by request.
The clustering effect by space
For each of the models generated at a province level ( to location as a key variable in explaining housing price main differences.
Insert Table 3 The analysis by province highlights similar influences with parameters showing considerable consistency in explaining asking price. Economic activity and total population has a positive effect in all regions, though is stronger in Alicante, Valencia 7 For all models, the specification has been checked using the same procedure described in the overall model (Corr(X t ,ε t )=0). It should also be stressed that all models estimated have large sample size avoiding the biases on hedonic coefficient that could exist due to a reduction of the sample. Insert Table 4 Similar results are obtained for neighbourhood characteristics (Table 4 ). Income and density of population are positively related to asking prices, but with differing effect.
For instance in Alicante, Valencia, Madrid and Castellón asking prices discount strongly by income level rather than population density but in Murcia, Barcelona and the Baleares population density explains the increase in asking prices better than income. The character of the residential area encapsulates the impact of second homes and the importance of mixed residential areas in increasing asking prices in the provinces, but not in Madrid and Barcelona.
An unexpected outcome is the negative impact of the quality of roads; seemingly the closer the property is to major highways the less value is added to asking price. This observation is apparent in all regions, though Madrid, Barcelona and the Baleares have a lower estimated parameter value, and could be interpreted as the asking prices assigning more value to isolated houses. The impact of underground stops is relevant in the main cities notably Madrid and Barcelona, and also Valencia province. The presence of a bus stop has similar effect in the provinces, but in Madrid, Barcelona and the Baleares this variable is discounted negatively when close to the property. Regarding property characteristics, the most relevant, as frequently articulated in the literature, is the size of the house (square metres) which positively affects the asking price. This relationship is strongest for Madrid, Barcelona and the Balearic Islands 8 .
Asking prices also react negatively to the age of property, reducing the perceived price although in Madrid and Barcelona this variable has a very low impact.
The parameters obtained for the full sample differ from the value observed in each province suggesting bias in the aggregate data. Also, different dynamic behaviour is apparent between the provinces suggesting that information about asking prices contained within the residuals differs amongst the regions. This infers that the housing markets may be subject to different shocks.
The clustering effect by time
This aspect of the analysis includes data for all provinces collectively, analysed by each individual year (Table 5) .. Insert Table 5 Autocorrelation effects among the residuals appear to be eliminated and no time-trend component is apparent when the data are clustered by time. The distribution of the residuals seems to reflect white noise, around zero, and finite standard deviation (Figure 3 ).
Insert Figure 3 9 The models clustered by time have large sample size and hence avoid the potential bias on hedonic coefficients arising from small samples Insert Figure 6 This aspect of the analysis shows that parameter signs are consistent with the results Insert Figure 7 
Shocks in estimated parameters
The results from each of the exercises: clustering by time, clustering by space and clustering by both time and space, suggest that clustering does not affect the role (sign) of the parameters rather influence the scale (parameter value) of the attribute in pricing the house supporting econometric theory. The pattern of the results suggests that a shock has affected asking price formation, changing the role of the attributes during the period of the analysis. These changes are accompanied by a reduction in the explanatory power of the models and have the appearance of a shock hitting the previous model equilibrium, supporting the contention that those attributes explaining housing prices change with time.
In order to identify whether attributes have been submitted to a permanent or transitory change (which could impact on the explanatory power of the model), the attributes parameters clustered by time and space are used to test the existence of a structural
ϕit is the vector of estimated coefficient for attribute i in the year t and province n dumm t is a matrix of yearly dummies being t =1995 … 2007
µ the random component.
The analysis (Table 6) A number of these parameters as highlighted in Table 6 are characterised by a permanent shock 11 consistent with changes in population and also with changes in building quality.
Insert Table 6 A second group of attributes have experienced either a short term or temporary shock on their values namely: Qwater (quality of water) for which a significant parameter for the external shock is estimated from 1998 onwards but this looses significance in 2006;
10 This test is similar to estimate a chow test to find the effect of an exogenous structural change 11 Permanent shock is considered to take place when all parameters are statistically significant (table 6) . Other variables do not seem to be submitted to external changes; these include income, economic activity of the town, urban dependence, road quality, leisure and quality of sport facilities, and quality of the shopping area close to the property. This suggests that these variables do not change due to a shock and are stable during the period. The latter infers correlation among the components affecting the individual who fixes the price (Y 2 in the Rosen nomenclature) and the (theoretically) fixed hedonic parameters.
Conclusions
This paper evaluates the role of housing and related attributes in explaining asking prices in the Spanish market over a long-run period from 1995 to 2008. The paper utilises hedonic models to fit the pricing process and observe how the parameters change with time and space. In this respect the paper makes an important contribution to the literature through application to the Spanish market for which there has been little previous analysis in the international literature but, more significantly, the paper adds to the knowledge base on how parameters can change over the property market cycle and spatially at a macro-level by province. The former reflects the dynamics of the market and the latter captures the effect of different perceptions of the value of housing and housing-related parameters by region arising from different economic, social, cultural and household structure issues.
The modelling process estimates the bias due to the firm (space) effect and seeks to isolate this in order to obtain robust attribute parameters. The results illustrate that the structure of attribute values is stable among regions but weights change with time suggesting that the perception of attribute values in asking price formation varies depending on the position in the housing cycle. It is shown that clustering by time tends to give higher parameter values to city and house attributes rather than clustering by space, which places more relevance on neighbourhood values.
The study adds evidence to the literature regarding how a large database with observations split across space could incorporate bias in hedonic models if not controlled by time and which is not necessarily eliminated if controlled by location.
The results infer that models which use a constant weight for attribute parameters in valuations produce bias and the risk of mis-estimation of price. This highlights the difficulty of accurately valuing a property depending on position in the cycle with the variation between a traditional valuation and the owner's estimated price a function of housing expectations.
The paper shows that changes in attributes parameters could be due to a permanent shock related to population growth, increased density, improvement to the infrastructure and other factors. However, for this dataset changes in the attributes stopped in 2005 with a stabilization of the value of the parameters. These results offer a new perspective as to how hedonic models capture existing shocks on housing markets through the perception of value and how this relates to the asking price; a key step in the price formation process in housing markets. Furthermore the analysis suggests that the difference between asking prices and hedonic prices could be a measure of market information and subjective perception, and that the information about asking prices contained within the residuals infers that housing markets may be subject to different pricing patterns.
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